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There has been a great deal of evidence showing high novelty seeking is a risk factor 
for the development of substance use disorders (SUDs). However, the possible causal 
nature of this association remains unclear.   
 
Objectives 
To examine the evidence for a causal association between novelty seeking at age 16 
and SUDs from age 18 to 35 years. 
 
Design 
Longitudinal study of a birth cohort from 1977 to 2012.  
 
Setting 
Christchurch, New Zealand. 
 
Participants 
General community sample of members of a New Zealand  birth cohort (50% male), 
with sample sizes ranging from n = 1011 (age 21) to n = 962 (age 35). 
 
Main Outcomes and Measures 
DSM-IV diagnosis of alcohol, nicotine, cannabis or other illicit substance use disorder 
measured at 4 time intervals from age 18 to 35. Novelty seeking was measured at age 
16. 
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Results 
An increase in novelty seeking was monotonically correlated with increases in the 
prevalence of all 4 SUDs at age 18-35. A strong association between novelty seeking 
and SUDs remained after adjusting for a broad range of covariates. Adjusted odds 
ratios of SUDs for the highest novelty seeking quartile compared to the lowest were 
2.09 (95% CI 1.54, 2.83) for alcohol; 1.95 (95% CI 1.34, 2.85) for nicotine; 3.64 
(95% CI 2.39, 5.56) for cannabis and 5.11 (95% CI 2.85, 9.17) for other illicit 
substances. 
 
Conclusions and relevance 
The results suggest that NS plays a causal role in the development and maintenance of 
SUDs in early to middle adulthood. Prevention activities in the addiction field should 
target individuals with high novelty seeking. Novelty seeking may also be a useful 
endophenotype for studying the etiological basis of SUDs. 
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Introduction 
The role of personality in the development of addictive behaviours has long been 
recognized. Indeed, substance use disorders (SUDs) were initially classified as a form 
of personality disturbance in DSM-I1 before being separated into their own category 
in later versions of the DSM. 
In recent times, the notion of a unitary “addictive personality” has fallen out of 
favour. Focus has now shifted onto several broad personality dimensions as risk 
factors for SUDs. Factors derived from the prominent models of personality 
functioning 2, 3, including positive emotionality, negative emotionality and constraint-
disinhibition have been suggested as potential endophenotypes of addictive 
behaviour4. Likewise, the phenotypically similar temperamental traits of novelty-
seeking (NS) 5 and sensation-seeking (SS) 6 are also strongly related to SUDs 7-9 . 
However, their status as candidate endophenotypes of addictive behaviour in humans 
is still debated, because their causal relationship with substance use disorders is not 
clear10, 11.  
NS is a temperamental trait associated with high impulsivity, exploratory behaviour, 
extravagance and disorderliness 5. It has long been recognised that high NS is 
associated with compulsive drug-seeking behaviours9. It is hypothesised that 
alterations in central dopaminergic functioning mediate the effect of NS on 
compulsive drug-seeking 4, 12. The evidence linking NS to drug-seeking behaviour has 
come from various sources including animal studies9, 13, clinical studies in humans14-16 
and population studies.   
Most population studies on the association between NS / SS and SUDs have been in 
adolescent samples and follow-up durations have been short 17-23. The population 
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studies in adults have other limitations, including use of highly selected samples such 
as college students24, 25, reporting of outcomes for only a single substance26, small 
sample sizes 27 or the measurement of personality variables in later waves of the study 
when SUDs may already be established 28. 
The present study uses a birth cohort sample to examine the association between NS 
at age 16, and the prevalence of alcohol, nicotine, cannabis and other illicit SUDs at 
intervals from age 18 to 35. By adjusting for a broad range of early environmental 
exposures and individual factors, we aimed to determine whether NS is a causal risk 




The data were gathered during the course of the Christchurch Health and 
Development Study (CHDS). In this study a birth cohort of 1265 children (635 males, 
630 females) born in the Christchurch (New Zealand) urban region in mid-1977 has 
been studied at birth, 4 months, 1 year and annually to age 16 years, and again at ages 
18, 21, 25, 30 and 35 years29, 30.  All study information was collected on the basis of 
signed consent from study participants and all information is fully confidential.  All 
aspects of the study have been approved by the Canterbury (NZ) Ethics Committee.  
Sample sizes ranged from 1011 (age 21) to 962 (age 35). 
 
Novelty seeking (age 16).  
When sample members were aged 16 years they were administered the NS items of 
the Tridimensional Personality Questionnaire5. Novelty seeking assesses the extent to 
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which the individual is "impulsive, exploratory, excitable, disorderly and 
distractible"5. These items were summed to produce an overall novelty seeking 
measure. The reliability of this scale was found to be moderately good (α = .76).  For 
the purposes of the present study, scores on the NS scale were divided into quartiles, 
with the analyses based on quartile assignment. 
 
Outcome measures - substance use disorders (ages 18-21; 21-25; 25-30; 30-35 
years). 
At ages 21, 25, 30, and 35 years, cohort members were administered items from the 
CIDI to assess DSM-IV symptom criteria for several substance use disorders during 
the period since the previous assessment.  These disorders included alcohol use 
disorder (AUD; alcohol abuse/dependence), nicotine dependence (ND; this was 
assessed currently), cannabis use disorder (CUD; cannabis abuse/dependence), and 
other illicit substance use disorder (OISUD; illicit substance abuse/dependence other 
than cannabis).  Cohort members who met symptom criteria for any of the four 
disorders during the period since the previous assessment (or currently, in the case of 
nicotine dependence) were classified as having the disorder during that assessment 
period (ages 18-21; 21-25; 25-30; and 30-35 years). 
 
Covariate factors 
A range of potential covariate factors were abstracted from the study database, on the 
basis that they have been shown to be related to substance use disorders in adulthood.  
Detailed descriptions of these covariates are included as supplementary material. The 
factors were divided into family sociodemographic background factors, parental 
factors, family functioning factors and individual factors.  
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The family sociodemographic factors were: maternal age, measured at birth; maternal 
education level at subject’s birth; family socioeconomic status at birth; and family 
living standards (ages 0-10).  
 
The parental factors were: parental history of alcohol problems; changes of parents to 
age 1531, 32; parental history of depression / anxiety; parental illicit substance use 
history. 
 
The family functioning factors were: parental intimate partner violence (0-16 years); 
childhood sexual abuse (0-16 years); childhood physical abuse (0-16 years); maternal 
and parental care 0-16 years; quality of parental attachment (age 15); and parental and 
maternal overprotection 0-16 years.  
 
The individual factors were: gender; extraversion and neuroticism (age 14); conduct 
problems (age 7-9); conduct disorder symptoms (age 14-16); attention problems (age 
7-9); childhood IQ (age 8-9); anxious / withdrawn behaviours (age 7-9); attention 
deficit / hyperactivity disorder (age 14-16), and oppositional defiant disorder 
symptoms (age 14-16); major depression and anxiety disorder (age 15); deviant peer 
affiliations (age 15); and suicidal ideation (before age 15).  
  
Statistical analyses 
The data analyses took place over three steps.  In the first step, the bivariate 
associations between the quartile measure of novelty seeking and the repeated 
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measures of the four substance use disorder outcomes were obtained by fitting logistic 
Generalised Estimating Equation models to the data.  These models were of the form:  
 
Logit (Yit) = B0 + B1Xi + υi       (EQ1) 
 
where Logit (Yit) represented the log odds of substance use disorder at time t for 
individual I, Xi was the classification of novelty seeking at age 16 years, and υi the 
individual specific error term.  Estimates of the odds ratio (OR) and 95% confidence 
interval (CI) pooled across the four assessment periods were obtained by 
exponentiating the fitted model parameters (eB).  The fitted models also included age 
terms (not shown) to allow for across time changes in the rate of each outcome, as 
well as age x NS interaction terms.  This and adjusted models below were fitted using 
Stata 12 (Stata Corp LP, College Station, Texas USA).    
 
In the second step, the bivariate associations between the quartile classification of 
novelty seeking and the covariate factors noted above were obtained via Spearman’s 
correlations, using SAS 9.4. 
 
In the final step, the models shown in EQ1 (above) were extended to include the 
covariate factors noted above, using forward and backwards methods of variable 
inclusion and elimination to obtain stable and parsimonious models.   
 
Results 
Novelty seeking scores 
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Novelty seeking scores were obtained at age 16 for 75.3% of the cohort, and ranged 
from 2-31 (mean 18.3). As noted in Methods, these scores were classified into 
quartiles for the purposes of the present analyses, with the correlation between the 
continuous scale and the quartile scale being r = .92. 
 
Associations between novelty seeking and substance use disorder outcomes ages 18-
21, 21-25, 25-30, and 30-35 
 
Table 1 shows the cohort classified into quartiles according to novelty seeking scores. 
The Table shows the percentage meeting DSM criteria for AUD, ND, CUD and 
OISUD at each of four time points (age 18-21, 20-25, 25-30 and 30-35). The Table 
also shows the population-averaged prevalence of each disorder across the four 
assessment periods, the Wald χ2 test of the linear association between novelty seeking 
and each outcome derived from GEE models. The Table demonstrates that: 
 
1. Aggregated across the 4 time points, there was a statistically significant (p≤ 
.001) linear association whereby increasing novelty seeking scores were 
associated with a higher prevalence of AUD, ND, CUD and OISUD. 
2. As expected, the prevalence of substance use disorders showed an overall 
decline during the period from age 21 to 35, both for the cohort as a whole and 
within each novelty seeking quartile. The only exception to this pattern was 
for OISUDs, which increased in prevalence over the first two time points, 
before reducing thereafter. 
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Significant NS x time interaction effects were noted for AUD (Wald χ2=5.18; p=.02) 
and ND (Wald χ2=11.26; p<.001) but not CUD (Wald χ2=2.81; p=.09) or OISUD 
(Wald χ2=0.00; p=.99). This suggests that the strength of the association between NS 
and both  AUD and ND (but not CUD or OISUD) varied over time.  
 
INSERT TABLE 1 ABOUT HERE 
 
Associations between novelty seeking and covariates 
 
Table 2 shows non-parametric correlations (Spearman’s ρ) between a series of 
potential covariate factors (see supplementary material) and novelty seeking. 
Covariates were grouped into family socio-demographic, parental, family functioning 
and individual factors. As shown in the Table, multiple variables were significantly (p 
< .05) correlated with novelty seeking. 
 
INSERT TABLE 2 ABOUT HERE 
 
Adjusted associations between novelty seeking and SUD outcomes 
 
Table 3 shows the results of the multivariate models of the association between NS 
and each of four substance disorders. In each case the model reported is a final model 
derived from backwards stepwise selection of predictor variables. Those covariates 
included in the models are shown in the footnotes to the Table. Time interaction terms 
were included in models for AUD and ND.  
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For each of the four substance outcomes, three effects are reported: 1). Unadjusted 
odds ratios from the univariate model; 2). The proportional odds for each novelty 
seeking quartile, taken from ordered logistic regression models; and 3). The predicted 
marginal percentage of subjects with each of the four disorders, within each novelty 
seeking quartile. 
 
INSERT TABLE 3 ABOUT HERE 
 
As shown in the Table, adjustment for a very broad range of potential confounders, 
comprising antecedent childhood exposures, sociodemographic variables and 
individual factors, produced only modest reductions in the odds of each SUD outcome 
compared to the unadjusted models. Novelty seeking at age 16 remained a statistically 
significant (p≤.001) predictor of each of the four SUDs from age 18 to 35. Effect sizes 
in each case were moderate to large, with adjusted odds ratios for quartile 4 compared 
to quartile 1 falling between 1.95 (nicotine) and 5.11 (other illicit substances).  
 
Comment 
We used data gathered in the course of a longitudinal study to examine the association 
between novelty seeking (NS) at age 16 and the prevalence of substance use disorders 
(alcohol, nicotine, cannabis and other illicit substances) at age 18-35.  
There was evidence of a strong positive association between NS and the subsequent 
development of SUDs. Unadjusted odds ratios (ORs) for those in the highest NS 
quartile compared to the lowest ranged from 2.56 (1.92, 3.40) for alcohol to 6.92 
(3.88, 12.34) for illicit SUDs other than cannabis. Following adjustment for a broad 
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range of covariates, ORs were reduced in magnitude but remained moderate to large. 
This suggests the effect of NS on SUDs was not accounted for by common underlying 
environmental exposures and individual factors, consistent with the hypothesis that 
NS is a causal risk factor for the subsequent development of SUDs.   
The findings from our study are consistent with extensive evidence from previous 
longitudinal studies suggesting NS (or related constructs, including sensation seeking) 
predicts SUD outcomes 7, 17-28. Those previous studies have predominantly had follow 
up durations less than five years, and have concentrated on adolescent populations. 
Few studies have reported long-term associations of NS and outcomes in adulthood. 
Those studies that did report on longer term outcomes were limited either by a small 
sample size27, measurement of personality variables after the onset of SUDs28 and 
limited ability to adjust for childhood factors. To our knowledge only one previous 
study has reported the association between personality variables and SUD outcomes 
in a birth cohort26. In that study, also from New Zealand, multidimensional 
personality questionnaire items  (yielding scores on 10 personality scales) at age 18 
were assessed as predictors of alcohol dependence and other health risk behaviours at 
age 21. Factors representing negative emotionality and low constraint predicted health 
risk behaviours including alcohol dependence 26. 
The observation that NS is a strong independent risk factor for SUD outcomes has 
two important implications. First, the literature on use of personality-targeted 
interventions for SUDs in adolescence has already shown promise 20, 21, 33, 34. The 
status of NS as a likely causative risk factor for SUDs suggests that studies which aim 
to identify mediators of the effect of NS on SUDs outcomes are worthwhile, as 
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prevention and treatment activities may then be able to address those mediators and 
therefore prevent SUDs from developing. 
Second, and perhaps of more significance, is the argument that NS and related 
constructs may be useful endophenotypes for studying the genetic and 
neurobiological basis of addiction. As with other mental disorders35, the search for 
stable endophenotypes related to addictive behaviours has assumed importance due to 
the heterogeneous nature of DSM substance use disorder phenotypes. This 
heterogeneity adds noise to investigations of etiologic models, while the use of 
endophenotypes can help to reduce this unwanted variance.  Indeed, the present study, 
which showed broadly similar trends across four different kinds of substance use 
disorder, adds credence to notion that NS may be a useful endophenotype. 
There has been doubt expressed about the suitability of NS as an endophenotype in 
humans, mainly because it is suspected to be altered by substance use10, 11. However, 
NS shows stability over time36 [MAY NEED MORE REFERENCES HERE], is 
heritable within families37 and our findings suggest it is causally associated with 
SUDs. These properties provide further evidence to suggest that NS may be a useful 
endophenotype for investigating the genetics and neurobiology of addictive 
behaviours, particularly given its association with both the disorder prevalence and 
treatment outcomes.  
The present study has several limitations. Data on NS were available for only three 
quarters of the cohort, and while follow up rates were high, some data for SUD 
outcomes were missing. NS was measured only at age 16, therefore its stability over 
time in the present study is not clear. The study was confined to individuals born in 
one location at one time point and may not be generalisable to other locations or age 
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cohorts. It is also possible that unmeasured sources of confounding explained some of 
the association between NS and SUDs. Finally we cannot exclude the possibility 
substance use prior to age 16 may have influenced NS scores. 
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Table 1. Unadjusted percentage of subjects with substance use disorder at age 18-35, by novelty seeking quartile 
 
  Novelty seeking quartile  
 Age 1 (low) 2 3 4 (high) p2 
Alcohol abuse or dependence (%) 18-21 22.6 30.0 39.2 53.0  
 21-25 23.2 29.8 34.3 43.8  
 25-30 9.6 15.4 11.6 18.7  
 30-35 10.6 11.6 14.7 22.4  
 Overall1 16.8 22.0 25.4 35.0 p<.0001 
       
Nicotine dependence (%) 18-21 12.9 21.9 26.5 38.2  
 21-25 15.4 20.8 24.9 31.9  
 25-30 14.1 21.5 21.3 30.1  
 30-35 11.8 15.4 16.6 21.6  
 Overall1 13.6 20.0 22.4 30.5 p<.0001 
       
Cannabis abuse or dependence (%)  18-21 5.4 11.6 15.2 28.3  
 21-25 6.2 9.2 14.0 23.9  
 25-30 4.1 3.7 7.1 12.2  
 30-35 3.0 5.0 9.2 9.5  
 Overall1 4.7 7.4 11.4 18.6 p<.0001 
       
Other illicit substance use disorder 
(%) 
18-21 1.1 3.6 4.3 8.4  
 21-25 2.6 2.8 5.2 13.5  
 25-30 1.1 2.4 4.4 7.3  
 30-35 0.8 2.5 3.2 6.2  
 Overall1 1.4 2.8 4.3 8.9 p<.0001 
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1. Population-averaged percentage across 4 age time points, obtained from marginal (least squares) means from generalised linear 
mixed models. 
 
2. Wald X2 test of linear association derived from GEE models 
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Table 2. Associations (Spearman correlations) between novelty seekinga (age 16) and potential psychosocial confounders in childhood 
 
  Correlation (Spearman’s rho) p 
 Measure   
Family socio-demographic background 
 Maternal age at birth -.134 <.001 
 Maternal education at birth -.02 .47 
 Socioeconomic status of family at 
birth 
.01 .70 




 Parental history of alcohol problems .003 .92 
 Number of changes of parents to age 
15 
.12 <.001 
 Parental history of depression or 
anxiety  
.01 .67 
 Parental history of illicit substance 
use 
.05 .10 
Family functioning factors 
 Interparental violence (0-16 years) .05 .12 
 Childhood sexual abuse (0-16 years) .16 <.001 
 Childhood physical abuse (0-16 
years) 
-.11 <.001 
 Parental care score (0-16 years) -.18 <.001 
 Maternal care score (0-16 years) -.17 <.001 
  22 
 Quality of parental attachment (age 
15) 
-.39 <.001 
 Parental overprotection score (0-16 
years) 
.72 <.001 




 Gender -.02 .42 
 Extroversion (age 14) .001 .97 
 Neuroticism (age 14) .23 <.001 
 Conduct problems (7-9 years) .16 <.001 
 Conduct disorder symptoms (14-16 
years) 
.24 <.001 
 Attention problems (7-9 years) .14 <.001 
 Child IQ (8-9 years) .01 .66 
 Anxious / withdrawn behaviours (7-9 
years) 
-.08 .007 
 Attention deficit / hyperactivity 
disorder (14-16 years) 
.36 <.001 
 Oppositional defiant disorder 
symptoms (14-16 years) 
.30 <.001 
 Anxiety disorder (age 15) .02 .47 
 Depression (age 15) .03 .40 
 Deviant peer affiliations (age 15) .29 <.001 
 Suicidal ideation (before age 15) .07 .04 
 
a. Novelty seeking score treated as continuous measure (range 2-31), with imputation of missing data. 
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Table 3. Associationa between novelty seeking at age 16 and risk of substance use disorder from age 18-35 
 
  Effect estimate (95% CI), by novelty seeking quartile  
Outcome  Q1 Q2 Q3 Q4 pf 
Alcohol abuse or 
dependence 










 Predicted marginal % 
with disorder (95% CI) 
19.1 (16.3, 
21.9) 















 Predicted marginal % 
with disorder (95% CI) 
16.4 (13.3, 
19.5) 





Cannabis abuse or 
dependence 










 Predicted marginal % 
with disorder (95% CI) 
5.4 (3.9, 6.9) 7.9 (6.5, 9.2) 11.2 (9.9, 
12.5) 
15.6 (13.1 , 
18.0) 
 
Other illicit substance 
abuse or dependence 
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 Predicted marginal % 
with disorder (95% CI) 
1.7 (0.9, 2.4) 2.8 (2.0, 3.6) 4.7 (3.8, 5.5) 7.6 (5.9, 9.3)  
 
a. Odds ratios for substance use disorder at age 18-35 from repeated measures analyses of outcomes at age 18-21; 21-25; 25-30 
and 30-35. NB for nicotine dependence, figures are point prevalence at age 21, 25, 30 and 35 rather than over whole time 
interval. 
b. Odds ratios adjusted for statistically significant (p<.05) covariates: gender, standard of living age 0-10, sexual abuse age 0-16, 
parental overprotectiveness age 16, conduct disorder symptoms age 14-16, deviate peer affiliations age 15 
c. Odds ratios adjusted for statistically significant (p<.05) covariates: parental overprotectiveness age 16, extroversion age 14, 
deviate peer affiliations age 15, conduct disorder symptoms age 14-16, deprivation score 
d. Odds ratios adjusted for statistically significant (p<.05) covariates: gender, parental illicit substance use, parental 
overprotectiveness age 16, deviate peer affiliations age 15 
e. Odds ratios adjusted for statistically significant (p<.05) covariates: gender, maternal age, parental illicit drug use, sexual abuse 
age 0-16, deviant peer affiliations age 15 
f. Wald X2 test of linear association derived from GEE models  
